Highlights: 8  Experimental studies on fatigue and monotonic tests with corroded an uncorroded steel 9 bars. 10  Variation of the mechanical properties of corroded reinforcement as a function of the 11 corrosion degree 12  Pit characterization in the critical cross-section. 13  Influence of the corrosion degree on the fatigue life.
jack. Total displacement, as well as deformation, were registered too. Specimen deformation was 139 measured using a displacement transducer of 30 mm length positioned in the middle of the 140 specimen. Each measurement was stored every half second by means of a data logger, see Figure   141 6. Also, the characterization of the most probably failure cross-section was done by means of the 142 definition of the critical pit geometry using a Vernier calliper ( Figure 9 ). 143 Three different cyclic loads were defined characterized by the following stress ranges: 150 MPa, 144 200 MPa and 300 MPa (ΔS=Smax -Smin), considered as typical stresses due to the service loads. 145 The stress range was defined based on the uncorroded section steel. A non-zero minimum stress 146 was used to avoid compression in the bar and its possible buckling effects. The maximum stress 147 (Smax) was, for uncorroded specimens, lower than 0.6*fy, which is the theoretical threshold below 148 what there is no fatigue life reduction. Considering the nominal diameter of uncorroded 149 specimens and the stress range chosen, the maximum and minimum applied loads were defined. 150 The applied load range for corroded specimens was the same as for uncorroded specimens, taking 151 into account the uncorroded nominal diameter, see eq 1.
152
(1) ∆ 153 Using these load ranges, it was possible to directly compare the effect of the different corrosion 154 degrees in a corroded structure with the same design load with respect to the uncorroded one. The 155 applied loads considering the three mentioned stress ranges are described in Table 3 . No 156 specimens of 10 mm diameter were tested with S= 150 MPa. The load was applied following A total of 140 specimens were tested with corrosion degrees between 8% and 28%. Some 161 specimens were discarded due to an induced failure in the clamps zones because of stress 162 localization effects, see Table 4 . 164 Used nomenclature for the test description was XX-YY-ZZ, where XX corresponds to the type of 165 test performed (MT for monotonic or FT for fatigue test), YY is 10 or 12 and corresponds to the 166 specimen diameter and YY the test number. Table 1 , shows the detailed results of the monotonic tested members. In the table 169 the nominal diameter of tested bars, the yielding load in kN, the ultimate load in kN (maximum 170 resisted load by the specimen), the strain corresponding to the maximum load, εmax, the registered 171 strain on failure, εu, and the modulus of elasticity, E, in N/mm 2 for each specimen, are presented.
Test results

172
In addition, for easier comparison between corroded and uncorroded specimens, the apparent 173 yielding stress fy * (elastic limit stress in MPa) and the apparent strength fmax * (maximum resisted 174 stress in MPa). The apparent strength is defined as the stress obtained dividing the maximum load 175 by the thetheoretical area that the bar would have, considering a generalised corrosion for the 176 given corrosion degree (see Figure 8b ).
177
(2) 1 ;
178
Where Ac is the reinforcing steel area under generalized corrosion and Ao is the nominal area.
179
The characterization of the critical pit observed in each specimen is described by means of the pit 180 depth (p) and the pit length (l) ( Figure 9 ). Figure 10a Figure 11 describes the evolution of some parameters presented in Appendix A. was stated. Those works also noticed that the reduction of the tensile properties slightly decrease 201 respect to those of uncorroded specimens. In this work, the tensile stresses were obtained 202 dividing the registered load with respect to an equivalent corroded cross-section area of the bar, 203 which represented the generalised corrosion degree measured. Using that value allows establishing a trustworthy relationship between corrosion degree and reduction of cross-section.
205
So it is considered that the corrosion degree is a global variable of the specimen (corrosion 206 penetration or generalised corrosion), not the particular corrosion degree of the critical cross-207 section (which presented a higher loss of mas due to the critical pit). Using the generalised 208 corroded cross-section area hypothesis, the effective stress or modulus value decreased with 209 respect to that of the value obtained using the real cross-section diameter. See Figure 8a , obtained 210 by means of a 3D scan technique, by which the aforementioned hypothesis is described.
211
Also in Figure 11 is it possible to observe the theoretical expected values both ultimate and 212 yielding stresses. Those values were obtined by the queficient Fy0 or Fu0 (uncorroded specimen 213 values) with respect to the equivalent area associated to each corrosion degree, which correspond 214 to the classical approach to consider the corrosion in reinforced concrete structures. As it is 215 described, the effect of corrosion produces a non-linear behaviour, which is in addition more 216 harmful than expected. The elastic modulus and the measured strains at maximum load (εmax) showed higher scatter than 219 fy* and fu*, see Figure 12 . It was very difficult to establish a good correlation between these 220 values and the corrosion degree. However, the measured values also decreased with the corrosion 221 degree. In any case the correlation coefficient for 12 mm diameter was always lower than 0.65 222 for the three parameters. Mechanical fracture theory could justify that registered dispersion. In 223 general, a reduction of ductility was observed for all the specimens, behaviour which was also 224 observed by other researchers [11, 25] . Despite of the scatter data did not allow to establish any 225 trustworthy relationship with the corrosion degree. 
Effect of corrosion on the fatigue behaviour 237
The detailed results of the cyclic load tests in terms of total resisted cycles for the corroded 238 specimens extracted and characterised from the beams are shown in Appendix A. Table 2 . The 239 characterization pit parameters such depth (p) and length (l) are also included, as well as the 240 stress range to which the bar was submitted (ΔS), corresponding to the applied load of Table 3 . 14b for the pit length. Also, the length value was divided by the nominal bar diameter to obtain a 249 dimensionless parameter and make easier the comparison between all the specimens. Again a poor correlation between the corrosion degree and length/diameter value was observed. In any 251 case, the pit length increment is lower with respect to the corrosion degree than for pit depth. In 252 figure 14c a comparison between the pit depth and the pit length is presented, showing that the pit 253 depth is a parameter more sensible to corrosion degree than pit length. In addition the effect of 254 stress concentration has less influence than the loss of steel area, because that effect is more 255 sensitive to the longitudinal pit angle (figuring out the pit geometry like an elypsse where the 256 long diameter is the length and the other diameter is the depth).
257
Lastly, Figure 14d describes the overall behaviour of the corroded specimens depicting the total 258 resisted cycles with respect to its corrosion degree. As it is shown in that figure, the number of 259 cycles decreases quickly with the corrosion degree . also documented by other authors [1, 15] for naturally corroded specimens submitted to different 271 stress ranges, however in this work it was noticed that all specimens showed the same behaviour 272 despite the stress range applied.
273
The results obtained suggested that the corrosion of steel reinforcement has no significant effect 274 on fatigue life for very low corrosion degrees, although for higher corrosion degrees a severe 275 reduction of fatigue life was observed.
276
Conclusions
277
Based on the results of the study performed, the following conclusions can be drawn:
278
(1) Yield and ultimate stresses measured in the monotonic tests were found strongly 279 dependent on the corrosion degree. Corrosion of steel highly reduces the yielding and 280 ultimate stresses.
281
(2) Modulus of elasticity and measured strains present a higher dispersion than yield stresses 282 and strength. In addition, a premature failure was observed resulting in a severe reduction 283 in ductility.
284
(3) Using the hypothesis of uniformly corroded cross-section, based on the actual corrosion 
303
In addition, very high corrosion degrees present a severe reduction of fatigue life 304 independent of the stress range applied.
305
Further studies on the effects of low corrosion degrees, from 0% to 8% would be desirable. In 
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